Objectives: To assess pancreatic fistula rate and secondary endpoints after pancreatogastrostomy (PG) versus pancreatojejunostomy (PJ) for reconstruction in pancreatoduodenectomy in the setting of a multicenter randomized controlled trial.
T he first successful pancreatoduodenectomy was performed as a 2-stage procedure by Walter Kausch in 1909. 1 Later, Allen O. Whipple popularized the procedure by a series of 37 pancreatoduodenectomies during his career. 2 Because of high mortality, the operation was nearly abandoned in the 1970 s. 2 In the 1990 s, large retrospective series from specialized centers around the world set a benchmark for operative mortality of below 5%. 2 Nevertheless, morbidity remains substantial after pancreatoduodenectomy. [3] [4] [5] [6] [7] [8] [9] [10] The main contributing factor is postoperative pancreatic fistula (POPF), involving leakage of pancreatic juice from the pancreatic anastomosis, which can lead to severe secondary complications such as intra-abdominal abscesses and erosion bleeding. 9, 11, 12 Data regarding the prevention of POPF by application of somatostatin analogues have been controversial thus far, 13, 14 but a recent
From the randomized trial strongly suggests that pasireotide successfully reduces POPF rates. 15 Numerous attempts at improving pancreatic anastomosis techniques to lower POPF rates have been proposed. 2, 16, 17 The hypothesis of this trial dates back to Walter Kausch, who discussed the possibility of anastomosis of the pancreatic remnant to the jejunum (pancreatojejunostomy, PJ) or the stomach (pancreatogastrostomy, PG) in his 1912 original publication of the first successful pancreatoduodenectomy. 1 Almost all retrospective studies suggest superiority of PG over PJ in terms of reduced POPF and other complications. 18 To date, however, conflicting results have been reported from 8 prospective randomized controlled trials (RCTs) published from 1995 to 2014 [19] [20] [21] [22] [23] [24] [25] [26] (see Supplemental Digital Content Table S1 , available at http://links. lww.com/SLA/A778): Only 3 RCTs 22, 24, 25 have demonstrated a reduced rate of POPF after PG, and 4 RCTs 20, 22, 24, 25 found advantages of PG over PJ in terms of postoperative complications. Soft pancreatic texture was identified as a risk factor for POPF and other complications in 4 RCTs. 19, 21, 23, 25 However, the available RCTs have some limitations. With the exception of the recent Belgian multicenter RCT 24 including 329 patients, total case numbers of the RCTs are relatively low (n ¼ 90-151) and only 2 RCTs are multicenter trials. Definitions of perioperative outcomes vary as early trials did not use the current consensus definitions of specific complications in pancreatic surgery established by the International Study Group for Pancreatic Surgery (ISGPS). Although many technical variations of PG and PJ have been reported, 16 ,17 all 8 RCTs were restricted to specific subtypes of PG and PJ. Only 2 RCTs with contradictory results report on postoperative pancreatic function measured during follow-up of 3 to 12 months: the Egyptian trial 26 reports worse and the Spanish trial 25 reports better pancreatic function. None of the RCTs report on quality of life during follow-up.
Here we present data collected at 14 high-volume centers for pancreatic surgery in Germany from the currently largest multicenter randomized trial comparing PG with PJ with respect to perioperative complications and long-term pancreatic function and quality of life.
PATIENTS AND METHODS

Study Design, Hypothesis, and Inclusion Criteria
The RECOnstruction after PANCreatoduodenectomy Study (RECOPANC) was designed as a randomized, controlled, observerand patient-blinded multicenter trial with 2 parallel treatment arms (PG and PJ) (see Supplemental Digital Content, available at http:// links.lww.com/SLA/A774). The hypothesis was that the rate of clinically relevant POPF is lower after PG. Inclusion criteria were planned pancreatoduodenectomy at one of the participating academic centers and age more than 18 years. Exclusion criteria were participation in interfering clinical trials and expected lack of compliance. With the rationale to increase willingness of participating surgeons to recruit patients and to achieve greater generalizability of the results, we did not restrict PG or PJ to a special technique. Fourteen German academic centers (RECOPANC Trial Group 27 ) with a median case load of 78 major pancreatic resections per year (range: 29-499, figures for year 2012 from the Association of German University Clinics, http://www.uniklinika.de) participated in the trial.
Primary Endpoint and Sample Size
POPF is defined by ISGPS as the occurrence of amylase activity in abdominal drain fluid of 3 times the upper serum limit on postoperative day 3 or later. 28, 29 In brief, grade A fistula is selflimited and does not need specific treatment, grade B requires medical or invasive interventional treatment, and grade C leads to reoperation and/or severe secondary complications. The primary endpoint chosen for this trial was clinically relevant POPF, that is, ISGPS grade B or C, with the modification that application of somatostatin analogues was not considered a criterion for grading. The primary endpoint was assessed on postoperative day 3 at hospital discharge and on postoperative day 30 to detect all POPFs.
Based on the prior assumption of a POPF B/C rate of 6% and 16% with PG and PJ, respectively, a ¼ 5% and b ¼ 20%, a sample size of 153 per treatment arm (PG vs PJ) was calculated with the 2-sided x 2 test. An adaptive interim analysis of the primary endpoint according to Bauer and Koehne 30 was planned after recruitment of 152 patients to allow for premature trial termination (with 1-sided stopping boundaries of P < 0.0038) and sample size recalculation.
Secondary Endpoints and Follow-up
Secondary surgical endpoints were death, relaparotomy, completion pancreatectomy, anastomotic leak other than pancreatic fistula, wound infection, delayed gastric emptying, postpancreatectomy hemorrhage according to the ISGPS definitions, 31, 32 intra-abdominal abscess requiring invasive treatment, operation time (skin incision to skin closure), and postoperative hospital stay. Further secondary endpoints included septic shock, respiratory failure, deep venous thrombosis, lung embolism, myocardial infarction, and stroke. Pancreatic endocrine and exocrine functions and quality of life were evaluated in long-term follow-up at baseline, 6 and 12 months after the operation by the validated European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC-QLQ) C30 and the pancreatic cancer module PAN26.
33,34
Randomization and Blinding
Center-based block randomization was performed by the participating centers using a centralized Web-based tool (Randomizer Software, Institute for Medical Informatics, Statistics and Documentation of the Medical University of Graz, www.randomizer.at) with allocation concealment. To avoid a possible intraoperative selection of low-risk patients, 23 randomization was performed preoperatively. Obviously, the surgeons were not blinded concerning the intervention. Therefore, blinded observers at the participating centers assessed the primary endpoint. Patients were kept blinded regarding the intervention and unblinded only in the case of emergencies where necessary.
Ethical Approval, Safety, and Registration
The study protocol was approved by the local ethics committees of the participating centers and carried out according to the rules of Good Clinical Practice and the Declaration of Helsinki. 35 Written informed consent was obtained from each patient. An independent institution served as the Data Safety Monitoring Board and was responsible for on-site clinical monitoring, source data verification, and management of severe adverse event reports (Center for Clinical Studies, Freiburg, Germany). The trial was assigned a Universal Trial Number (UTN U1111-1117-9588) and registered in the German Trials Register (DRKS 00000767) on March 23, 2011. The study protocol was published in Trials. 27 
Statistical Analysis
The primary endpoint was analyzed according to the intention-to-treat principle (see Supplemental Digital Content, available at http://links.lww.com/SLA/A775). A multivariate logistic regression model adjusting a priori for age, center, surgeon volume/experience, and pancreatic texture was applied to compare POPF rates in both treatment groups. Missing values for the primary endpoint were replaced by imputed case analysis according to Higgins et al. 36 Exploratory analysis was planned for secondary endpoints. SAS software 9.1 (SAS 9.1 software, SAS, Cary NC) and 2-sided tests were used for all calculations.
RESULTS
Trial Flow
A total of 618 patients were screened and 440 patients were randomized from May 31, 2011, through December 5, 2012. The number of patients randomized per center is shown in Supplemental Digital Content Fig. S1 , available at http://links.lww.com/SLA/A776, and ranged from 6 to 84, with 5 centers recruiting less than 20 patients and 2 centers recruiting more than 50 patients. After the interim analysis of the first 152 included patients, the Data Safety and Monitoring Board advised continuation of the trial. A total of 120 randomized patients were excluded from the final analysis: 3 patients were randomized by mistake (randomized but not eligible), 5 did not undergo laparotomy, and 112 did not receive pancreatoduodenectomy and were, therefore, excluded from further analysis. Fifteen patients randomized to PG received PJ and 12 patients randomized to PG received PJ because of the surgeon's technical preference. Reasons given for PJ instead of PG included technical problems with PG: short pancreatic remnant (n ¼ 9), difficult pancreatic remnant mobilization (n ¼ 2), and gastric ulcer (n ¼ 1); reasons for PG instead of PJ were soft pancreas with small duct (n ¼ 11) and pancreas divisum (n ¼ 1). In total, 320 patients were included in the intention-to-treat analysis of the primary endpoint: 149 patients randomized for PJ and 171 randomized for PG. Ninety-six patients did not finish the whole 12-month followup because of prior death (n ¼ 75), loss to follow-up (n ¼ 10), withdrawal of consent (n ¼ 5), and other reasons (n ¼ 6) (Fig. 1 ).
Patient Baseline Characteristics and Operations
Patient baseline parameters are shown in Table 1 . The treatment groups were balanced in terms of age, sex, body mass index, indications, symptoms, preoperative biliary drainage, comorbidities, American Society of Anesthesiologists (ASA) Classification, medication, and standard laboratory parameters. The treatment groups were also comparable in terms of operation technique, surgeon experience/volume, and blood loss/intraoperative transfusion requirement. In particular, the rates of soft pancreata (PG vs PJ, 59% vs 57%) and nondilated pancreatic ducts (PG vs PJ, 58% vs 55%), which are indicators for increased risk of fistula formation, 5, [37] [38] [39] [40] were not significantly different between the 2 groups (Table 1) .
Supplemental Digital Content Table S2 , available at http:// links.lww.com/SLA/A779, shows the technical varieties used for PG and PJ at the trial centers. According to the ISGPS classification for pancreatic anastomoses, 16 the most commonly performed techniques were nonstented duct-mucosa anastomosis (ISGPS type I-A-S0) with 2 interrupted monofilament resorbable suture rows for PJ and nonstented dunking PG (ISGPS type II-B-S0) anastomosis with purse-string plus interrupted monofilament resorbable suture.
Primary Endpoint Analysis
The rate of clinically relevant POPF was 20% after PG and 22% after PJ in the control group (P ¼ 0.62, 2-sided x 2 test, Table 2 ). In a multivariate logistic regression model (Table 2) , including anastomotic technique (PG vs PJ), age, center (north vs south), pancreatic texture (soft vs hard) and surgeon volume (pancreatic resections per year), and soft pancreatic texture was the only significant factor affecting POPF B/C, with an odds ratio estimate of 2.1 (P ¼ 0.016) ( Table 2) .
As there were 12 patients allocated to PG receiving PJ instead and 15 patients with PG instead of PJ, we also performed an astreated analysis of the primary endpoint (see Supplemental Digital Content Table S3 , available at http://links.lww.com/SLA/A780). The results did not differ from those of the intention-to-treat analysis. 
Assessment of Learning Effects
The odds ratio estimate for fistula rate in surgeons with less than 10 pancreatoduodenectomies was 1.2 to 6.8 (95% confidence interval) but did not reach the significance level (P ¼ 0.064 in multivariate analysis, see Table 2 ). Surgeons with less than 10 pancreatoduodenectomies per year had a higher fistula rate with PJ (46%) than with PG (27%), and this effect was gradually lost with increasing individual case load (see Supplemental Digital Content Table S4 , available at http://links.lww.com/SLA/A781); however, these differences did not reach statistical significance. There was also no significant center effect as to the preferred type of anastomosis in the participating centers (see Supplemental Digital Content Table S4 , available at http://links.lww.com/SLA/A781).
Perioperative Secondary Endpoint Analysis
Operation time did not differ between PG and PJ. There were no significant differences between PG and PJ with regard to the frequency of surgical complications such as delayed gastric emptying, intra-abdominal abscesses, relaparotomy, completion pancreatectomy, anastomotic leaks, and surgical site infection. There was also no difference in the incidence of systemic complications such as septic shock, respiratory failure, deep vein thrombosis, lung embolism, and myocardial infarction. There were more (n ¼ 5) stroke events in the PG group but none in the PJ group (P ¼ 0.035) and significantly more postpancreatectomy hemorrhage events in the PG group (P ¼ 0.023), the latter due to more grade A (5% vs 1%) and B (9% vs 4%) hemorrhages. Stroke and grade A/B bleeding were not associated, however (P ¼ 0.998). Perioperative in-house mortality in the treatment groups (PG vs PJ, 6% vs 5%, P ¼ 0.963) and 90-day mortality (PG vs PJ, 10% vs 5%, P ¼ 0.167) were not statistically different. Postoperative hospital stay was equal with a median of 16 days (Table 3) .
Survival During Follow-up
Overall survival curves are given in Supplemental Digital Content Fig. S2 , available at http://links.lww.com/SLA/A777. Oneyear (365 days) Kaplan-Meier survival estimates (AEstandard error) were 77% AE 3% in PG and 76% AE 4% in PJ and thus comparable (P ¼ 0.675 in 2-sided log-rank test) (see Supplemental Digital Content Fig. S2 , available at http://links.lww.com/SLA/A777).
Pancreatic Function and Long-term Follow-up
The percentage of patients receiving oral enzyme replacement rose from 8% preoperatively to around 80% during 6-and 12-month follow-up. Exploratory analysis also suggested a significantly reduced rate of oral enzyme replacement therapy in patients with PG at 6 months after the operation (PG vs PJ, 72% vs 89%, P < 0.001). This difference did not persist at 12-month follow-up because of a slightly decreasing percentage of PJ patients using oral enzyme supplementation (PG vs PJ, 72% vs 81%, P ¼ 0.11). However, simultaneously the rate of patients reporting steatorrhea in the PJ group increased (from 17% at 6 months to 22% at 12 months), suggesting now insufficient enzyme supplementation in some patients. This was not the case with PG, where reported steatorrhea decreased from 20% to 13%. The amount of enzyme units taken per day was comparable in both treatment groups.
The prevalence of diabetes mellitus rose only slightly after pancreatoduodenectomy (from 25% at operation to 31% at 12-month follow-up) and was comparable after PG and PJ. Among diabetic patients, there was an increase of insulin dependence from around 50% to around 70% after pancreatoduodenectomy, whereas the percentage of patients with dietary therapy dropped only from 23% preoperatively to 13% and 9% at 6 and 12 months, respectively. There was no significant difference between both treatment arms ( Table 4) .
Quality of Life and Long-term Follow-up
At the time of operation, EORTC QLQ-C30 and PAN26 scores were balanced between the treatment groups except for the physical functioning scale scores, which were higher in the PG group (P ¼ 0.002). The patients assigned the lowest scores to role functioning and body image. Other major reported problems were fatigue, insomnia, pain, and digestive symptoms such as altered bowel habit. At 6 and 12 months after the operation, the most severe impairments were observed in role functioning, altered bowel habit, and fatigue. On the contrary, appetite, nausea, and hepatic symptoms improved. At 6 months, a reduced score on the financial problems scale could be observed (P ¼ 0.044) in PG compared with PJ, which persisted at 12-month follow-up. Furthermore, emotional and social functioning scale scores were significantly better after PG than after PJ (P ¼ 0.039 and 0.019) (see Supplemental Digital Content Table  S5 , available at http://links.lww.com/SLA/A782).
DISCUSSION
We report the currently largest RCT to compare PG and PJ in terms of POPF and perioperative complications and long-term outcome including quality of life. Of note, this multicenter trial was independently monitored. In contrast to previous RCTs, PG or PJ was not restricted to a specific subtype. The results of this trial have several implications for clinical practice. First, although it was designed to confirm the hypothesis of a reduction of clinically relevant POPF in patients with PG, the results show similar rates of grade B/C POPF regardless of the reconstruction method with an overall rate of 21%. This is higher than the reported range of 4% to 18% from large retrospective benchmark series (see Supplemental Digital Content Table S1 , available at http://links.lww.com/SLA/ A778). The previous RCTs report fistula rates between 12% and 24% (see Supplemental Digital Content Table S1 , available at http:// links.lww.com/SLA/A778). In comparison with the other RCTs, RECOPANC included the oldest patients (average 68 years vs 56-67 years in other RCTs) with the highest body mass index (average 25 vs 21-25 in other RCTs). Of note, RECOPANC is also the first RCT to report independent monitoring. Taken together, the observed POPF rate must be considered valid in view of an ageing general population with increased operative risk.
Also, overall in-hospital mortality of 6% and the 90-day mortality of 7% in this trial do not meet the usually cited 5% benchmark for pancreatoduodenectomy. It is above the reported range of 0.7% to 3.7% from current large-scale retrospective series (see Supplemental Digital Content Table S1 , available at http:// links.lww.com/SLA/A778), whereas some RCTs report comparable perioperative mortality rates of 0% to 11% (see Supplemental Digital Content Table S1 , available at http://links.lww.com/SLA/A778). In agreement with a current study, 41 our data highlight the relevance of 90-day mortality figures in pancreatic surgery. It seems appropriate to accept that clinically relevant fistula rates of 20% and perioperative mortality of more than 5% mirror clinical reality even in highvolume pancreatic surgery. A similar effect was observed in the distal pancreatectomy trial, which reported a pancreatic fistula rate after distal pancreatic resection more than twice as high as previously reported in several retrospective series. 42, 43 Meta-analysis of the available RCTs [19] [20] [21] [22] [23] [24] [25] [26] incorporating data from this trial suggests no significant reduction in POPF rates (odds ratio: 0.66; 95% confidence interval: 0.43-1.01; P ¼ 0.056) (see Supplemental Digital Content Table S6 , available at http://links. lww.com/SLA/A783 for details). This stands in contrast to current meta-analysis. 44 In a multivariate analysis, the single most important factor influencing POPF rates was the quality and texture of the organ. Soft pancreatic texture, as judged intraoperatively by the surgeon, has been demonstrated to bear a higher risk for secondary complications, erosion bleeding, and mortality in previous studies. 6, 9, 11, 24, 37, 38, 40 It has been shown that subjective evaluation of the pancreatic hardness and texture strongly correlates with the histopathological degree of fibrosis. 40 On the one hand, pancreatic cancer and chronic pancreatitis are usually associated with hardening of the whole organ including the pancreatic remnant; on the other hand, prophylactic surgery for benign lesions such as cystic neoplasms or small tumors such as ampullary cancer is usually associated with soft pancreatic tissue. 9, 19, 40 As outlined, all participating clinics were high-volume academic centers for pancreatic surgery, and there was no statistically significant center effect regarding POPF rate. Nevertheless, a high odds ratio for POPF in the low-volume surgeons indicates that besides center volume, individual surgeon volume is a relevant factor influencing complication rates in pancreatoduodenectomy.
Furthermore, from our data, it might be speculated that PG offers an easier-to-learn technique suited for less experienced surgeons, but this effect did not reach statistical significance. This opinion has also been expressed by other authors of previous RCTs 19, 20, 24, 26 on the basis of the assumption that it is technically easier to achieve secure invagination of the pancreatic remnant with PG, especially in case of a bulky soft pancreas. Reasons given for conversion to PG instead of PJ (soft pancreas in 11 of 12 cases) in the current trial may reflect this assumption. However, operation time was not reduced with PG in the current trial, and only 2 previous RCTs 23, 26 found a shorter operation time with PG. The incidence of grade A and B postpancreatectomy hemorrhages was increased after PG. By ISGPS definition, grade A bleeding has no therapeutic consequence, but grade B events require conservative or even invasive therapy and may be sentinels of later grade C hemorrhage. The feared life-threatening (grade C) bleeding events were not increased with PG. These findings confirm previous retrospective and prospective observations, which showed increased bleeding events from PGs. 23, 45, 46 Meticulous hemostatic measures at the pancreatic cut surface are, therefore, advised. There was a higher rate of perioperative stroke events in patients with PGs that were not associated with the bleeding events, however. For lack of a rational explanation, this might be interpreted as an artifact of exploratory data analysis.
Our reported length of hospital stay (median, 16 days) is about twice as long as that usually reported from high-volume North American centers (see Supplemental Digital Content Table S1 , available at http://links.lww.com/SLA/A778). Our explanations are that due to law-enforced universal health care insurance in Germany, patients usually do not experience financial pressure to be discharged early, and the common practice is to discharge patients home after full recovery. Even in a fast-track surgery program applied to major pancreatic resections in a German center, 47 patients were discharged at median on day 10, with a 30-day readmission rate of only 3.5%, whereas readmission rates of 15% to 20% after pancreatoduodenectomy are currently reported from the United States. 48, 49 In consequence, readmission has been highlighted as a significant problem by American scientific studies and is financially penalized in the United States but not in Germany. [47] [48] [49] [50] [51] The results of long-term pancreatic function follow-up in the current trial may be interpreted as suggestive of better exocrine function in patients with PG. However, pancreatic function was not measured directly but by means of the surrogate parameters oral enzyme supplementation and steatorrhea, and the drawback of exploratory data analysis must be kept in mind. Previous RCTs with smaller case numbers have reported inconsistent outcomes. 25, 26 The current study represents the largest prospective evaluation of this issue and will be followed by a prospective long-term observation of the included patients. Regarding the usually encountered opinion that pancreatic function is worse after PG compared with PJ, our results suggest that this is not the case.
Only one previous retrospective study compared quality of life after pancreatoduodenectomy with PG and PJ and found no difference, but it was unbalanced with regard to the preoperative patient status. 52 Follow-up in the present trial did not reveal differences between the treatment groups in most aspects covered by the EORTC QLQ-C30/PAN26 questionnaires. On the contrary, the few detected that differences are not large enough to be considered clinically relevant. We also interpret these as an artifact of explorative analysis of the many quality-of-life aspects. Our results, however, provide valuable data to identify major problems that impair the quality of life of patients before and after pancreatoduodenectomy: role functioning, altered bowel habit, and fatigue.
CONCLUSIONS
In summary, this trial demonstrated several salient findings. Reconstruction by PG, when not restricted to a specific subtype and evaluated in a multicenter setting, did not reduce perioperative complications. Soft pancreatic tissue quality remains the most influential factor for POPF rate. PG may offer a technically less demanding but safe anastomotic technique. However, a higher rate of postoperative grade A/B hemorrhage was observed, advocating increased awareness toward hemostatic measures with PG. The rate of POPF remains substantial and is currently underestimated. Perioperative mortality can surpass the 5% margin even in the highvolume academic pancreatic surgery setting. Both may be attributed to extended indications for pancreatoduodenectomy in an ageing population. Quality of life in pancreatoduodenectomy patients is most severely impaired regarding role functioning and body image. The operation seems to ameliorate gastrointestinal and hepatic symptoms but does not improve fatigue and role functioning. Long-term exocrine pancreatic function after PG does not seem to be inferior to PJ.
